Glycosylphosphatidylinositol (GPI)-anchored proteins on the surface of lymphocytes have been long recognized as signal transduction proteins. Many of these proteins have been shown to stimulate lymphocyte proliferation, lymphokine production, calcium mobilization and tyrosine phosphorylation (1) (2) (3) (4) (5) (6) (7) (8) . Recently , it has been recognized that GPI-anchored proteins expressed on lymphocytes coimmunoprecipitate with the src family member tyrosine kinases lck, fyn (1, 9-11) fgr, lyn, and hck (8, 12) . In addition, a number of unidentified kinase substrates are also coimmunoprecipitated with the GPIanchored proteins. The role the src kinases play in GPIanchored protein signal transduction is not known.
The associations between GPI-anchored proteins and src kinases are different from the association between transmembrane receptors (e.g., CD4 , CD8) and their associated kinases. The association between CD4 and lck is inhibited by iodoacetimide while that between GPI-anchored proteins and src kinases is enhanced (1, 13) . It has been shown that the association of GPI-anchored proteins and src kinases is dependent on lipid modifications of the kinases (14) (15) (16) and that src family members that are not both palmitylated and myristylated are not associated with GPI-anchored proteins (14, 15) . Heterotrimeric GTP binding proteins (G proteins) are involved in many signal transduction pathways, including stim-
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 (19) . Heterotrimeric G proteins are made up of a, 3, and 'y subunits. Mammals express at least 20 different a, 6 1, and 5 y subunits. The P and y subunits are tightly bound together and may interact with different a subunits in a receptor specific manner (18) . Some receptors are known to interact with multiple heterotrimeric G proteins (18, (20) (21) (22) (23) (24) . Like src kinases, some a subunits of heterotrimeric G proteins are myristylated and palmitylated (17, 18, 25, 26) . These modifications may influence subunit interactions and membrane associations.
GPI-anchored proteins are found in Triton-X insoluble membrane fractions (27) (28) (29) (30) . In nonlymphoid cells GPIanchored proteins and G proteins have both been localized to small Triton-X insoluble vesicles called caveolae that are marked by the presence of the protein caveolin (15, (31) (32) (33) (34) (35) (36) . Lymphocytes do not express caveolin (37, 38) and do not appear to have caveolae.
In vitro kinase assays performed on the immunoprecipitations of GPI-anchored proteins reveal a typical pattern of phosphorylated proteins of 40, [55] [56] [57] [58] [59] [60] 85 , and 120 kDa (1, (8) (9) (10) (11) (12) (13) . The 55-to 60-kDa proteins have previously been shown to be the aforementioned src family tyrosine kinases (1, (8) (9) (10) (11) (12) (13) (Fig. 1A ) associated with the GPI-anchored proteins CD59 and CD48. A single major band of phosphorylated proteins at 56 kDa and a minor band of phosphorylated proteins at 85 kDa associated with CD4. There was no evidence of a 40-kDa phosphoprotein associated with CD4. These patterns have been noted by previous investigators (1, (8) (9) (10) (11) (12) (13) . To determine whether these proteins were tyrosine phosphorylated and whether lck and/or fyn tyrosine kinases were part of these complexes, the products of the in vitro kinase assays (as described above) were eluted from the immunoprecipitating protein A Sephrose beads in SDS and were reimmunoprecipitated with either an antiphosphotyrosine mAb or with lck and fyn rabbit antisera. This analysis (Fig. 1B) indicated that all the major phosphoproteins associated with the GPI-anchored protein, CD59, were tyrosine phosphorylated and that the major band at 55-60 kDa corresponded to both lck and fyn. While both kinases were present, there were substantially larger amounts of fyn than lck associated with CD59. The 56-kDa band from the CD4 in vitro kinase assay could be reimmunoprecipitated with antiphosphotyrosine and anti-lck but not with anti-fyn antisera. The most prominent band in the anti-phosphotyrosine reimmunoprecipitation of the CD59 in vitro kinase assay was the 85-kDa phosphoprotein, whereas the most prominent band in the anti-phosphotyrosine reimmunoprecipitations of the CD4 in vitro kinase assay was lck. These experiments clearly show that, despite the fact that both CD4 and the GPI-anchored proteins are associated with lck, they differ substantially in their associations with other phosphoproteins.
To determine whether GPI-anchored proteins were associated with GTP binding proteins, we used a pan G protein (anti-G protein) antiserum to reimmunoprecipitate the products from the CD59 and CD48 in vitro kinase reactions. This antiserum was raised to the consensus GTP-binding region [Gly-(Xaa)4-Gly-Lys] of the heterotrimeric G protein Gz (39, 40) . This antiserum recognizes a subunits of the heterotrimeric G proteins Gs, Gi,Gz, Go, and transducin. The anti-G protein antiserum immunoprecipitated the 40-kDa phosphoprotein from both the CD59 and the CD48 in vitro kinase reactions (Fig. 1C) . Other less prominant bands also phosphorylated in the in vitro kinase assays could be seen weakly in the anti-G protein immunoprecipitations on overexposed autoradiographs or when the products of the in vitro kinase assays were eluted under different conditions. The 40-kDa G protein was found to be associated with CD59 immunoprecipitated from freshly isolated human T cells as well as from HPB-ALL cells (data not shown).
To confirm that the protein recognized by the anti-G protein antiserum carried the Gly-(Xaa)4-Gly-Lys sequence motif, we determined if the peptide to which the antiserum was made could block the recognition of the 40-kDa phosphoprotein. Reimmunoprecipitation of the CD59 in vitro kinase reaction products by the anti-G protein antisera was completely blocked by the G protein peptide at both 1 and 5 gim concentrations but not by a nonspecific peptide (Fig. 2) .
To extend these observations from human cells to those of mice, freshly isolated murine thymocytes were used to immunoprecipitate the murine T cell specific GPI-anchored protein Thy 1 (Fig. 3) . As (41) , it was of interest to us to determine whether or not the complexes in which we observed GPI-anchored proteins in association with G-proteins also contained multiple GPI-anchored proteins. HPB-ALL cells were subjected to iodination, cells were lysed, and the lysates were precleared with either anti-CD59, anti-CD55, or a negative control antibody. Subsequently, GPI-anchored proteins were immunoprecipitated as described for the in vitro kinase assay experiments. As is indicated in Fig.  6 , preclearing the lysates with a negative control antibody (lane 1) had no effect on our ability to immunoprecipitate either CD48, CD55, CD59, or CDw109 (a GPI-anchored protein found on activated T cells, platelets, endothelial cells, and many T cell tumor lines) (42) . Preclearing with either anti-CD55 (lane 2) or anti-CD59 (lane 3) effected our ability to immunoprecipitate only the antigen that was precleared. These preclearings had no effect on the ability to immunoprecipitate other GPI-anchored proteins from these lysates. The result from this experiment indicates that the complexes we immunoprecipitated did not contain multiple GPI-anchored species. (15, (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) . G proteins have also been found in caveolae, which are detergent insoluble 50-to 100-nM invaginations marked by the presence of the protein caveolin (31) (32) (33) . Caveolin itself has been shown to associate with heterotrimeric G proteins containing Gs, Go, and Gi a subunits (36) , and another G protein coupled receptor, endothelin has been shown to reside in caveolae (43) . GPI (37, 38) and do not appear to have the caveolae (37, 38) (25, 45) .
In polarized epithelial cells GPI-anchored proteins are known to sort to the apical surface and heterotrimeric G proteins have been shown to affect protein sorting to both apical and basolaterial membranes (46) . The effects of G proteins on membrane localization of GPI-anchored proteins have not been specifically examined. The association between GPI-anchored proteins and G proteins may affect membrane localization of both.
Previous data have indicated that G protein a subunits can be tyrosine phosphorylated by pp60 src (18, 47 (21) .
PI-anchored proteins do not cross the lipid bilayer seven times yet are strongly associated with heterotrimeric G proteins. GPI-anchored proteins appear to be associated with multiple G proteins and thus may stimulate multiple pathways when activated. In the studies performed here, we could not detect the presence of G protein 3 or y subunits. Because these subunits themselves stimulate multiple effectors (18) , it would be impossible at this time to more then broadly speculate as to the specific functions of the G proteins associated with GPIanchored molecules.
The interaction of G proteins with transmembrane receptors is dependent on specific amino acid interactions that are prevented by pertussis toxin catalyzed ADP-riboxylation (53) . As expected, since the interaction of the G protein with the GPI-anchored protein cannot be sequence-specific, pertussis toxin had no effect on signal transduction induced by crosslinking GPI-anchored proteins.
Here we demonstrate that GPI-anchored proteins on the surface of lymphocytes of human and mouse are complexed to G protein a subunits. The role that this association plays in the generation of signals from these receptors is not known. Since GPI-anchored proteins can induce very strong signal transduction events, it seems likely that their association with both src kinases and G protein a subunits is intimately related to signal transduction processes associated with these molecules. We 
